1/2 /<— V 



PATENT ABSTRACTS OF JAPAN 



(11 Publication number : 09-053148 
(43)Date of publication of application : 25.02.1997 



(51)IntCL 



C22C 38/00 
C21D 6/00 
C21D 7/06 
C21D 9/00 
C21D 9/32 
C22C 38/18 
C22C 38/38 
C22C 38/58 



(21) Application number : 07-206310 

(22) Date of filing : 1 1 .08.1 995 



(71 Applicant : KOBE STEEL LTD 

NISSAN MOTOR CO LTD 
(72)Inventor: YASUKI SHINICHI 

MATSUSHIMA YOSHITAKE 
OKADA YOSHIO 
USUKI HIDEKI 
KAMATA YASUSHI 



PRODUCTION PARTS MADE ° F H,GH T0UGHNESS CASE HARDENING STEEL AND THEIR 
(57)Abstract 

PROBLEM TO BE SOLVED: To provide machine parts made of high toughness case hardening 
steel, excellent .n wear resistance, fatigue characteristic, and impact resistance, at a low cost 
by app^ng cartunzing and quenching to steel parts containing specific amounts of C, Si. Mn, P. 
o, Or, Al, and N. 

SOLUTION: S ^ e JP^. prepared by using a steel stock which has a composition consisting of. 
nn^t SS A , , 0 ^ a25% °' -° 15% S '' >1 - 2 °-2 0* Mn, <0.02% P. <0.02% S. >0.70-1.50% Cr, 0 015- 
0.060% Al. 0.005-0.030% N. and the balance Fe with inevitable impurities and containing, if 
necessary, prescribed amounts of Mo, Ni, Cu, V, Ti, Nb, and Ca. is subjected to carburizing and 
quenching or to carbonitriding and quenching. By this procedure, the total area ratio of 
martensite and bainite in the core part, the area ratio of martensite* and pro-eutectoid ferrite 
are regulated to >95%, <90%, and <5%. respectively. Further, the grain size number of of 
austenitic crystal grains in the carburized layer or carbonitrided layer is regulated to No 8 or 
above, and also the amount of retained austenite in the part between the surface and a position 
at a depth of 0.05mm from the surface is regulated to 10-50%. 
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[Sfrfc^l] C:0. 1-0. 2 5% (£Tf\ WfBLft 
MB 9 ma s s%£S5H-*) 
S i :0. 15 %^XT 
Mn : 1. 20%j®, 2. 0%£TF 
P : 0 . 0 2 %&T 
S : 0 . 0 2 %£AT 
Cr : 0. 7 0®. 1. 5 0°/o«T 
A1:0. 015 — 0. 06 0% 
N : O. 0 0 5 — 0. 0 3 0% 
m& : F e t^^FWiSW^^ 

9 5%£Lh, -rA^^-f hBmW9 0%£TpC« 20 
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[»#^2] <BWdS. <kft©5c*t UTMo : 0. 08 
— 0. 6%:fcJ:tf/3:fcMcNi : 0. 2—3. 75%£r 
*WT6t><OT&6gB^l(cfB«OB«9^^^MK 

[§s*^3] mmK mci&<D7tmt ucu:o. 

[St*«4] «*td5, XlCtt0>5G*2: LTV : 0. 0 
3 — 0. 5% Ti : 0. 0 0 5 — 0. 1 %*$J;T/N 
b : 0. 0 0 5 — 0. l%J:D*-5**^a^*ttS* 
* < £ 1 1 a4>5cX«rfr*1-* t)Ot$>5 M#S 1-3 

[»*«5] flttts&K Hlwte(D5c^^ LtCa : 0. 

0005 — 0. 0 8 %&£#/*> L<ISZ r : 0. 00 
2 — 0. 0 8%«r*»i-Sto-C*>-6BI*3Bi— 40^ 

[»#* 6 ] SgUfcA*t*&5S *> U < ttg& - gfcj&A 

&S&<DEffim&fojjfr 3 0 0 N/mm 2 £JLh-C£>5S 

*^®i - 5 <o^TM*\z^<Dmi®mi&%mmmm 

6 0m/s<DiS^^Sx-/J>^< £t> l®i/3 jy hf-= 

8 ] IB*« 1 - 5 W?M*\Z.tiMl<D&&m 
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U<tt*«-»b«a«rftbfe«<olfSAttlc:HIU SBE 
ti&mi* t < K8& • S<biKAti^»cD««»6^«: 

m) £#«>6£^: x WW^^ haS5%£iS;t*® 

m 3Kfl»r^^fflj«*^TiB (i) . (2) * 

KlJ;oT##> s ffifBi^s HcM Joq (mm) 4: TIB 
i0 (3) *JcftA-rsr fclcJ:9*405,ti/S?&a*«V 
S\ ±fB&##S«fiVci CC/») £Vc2 CC/fM- 
*>«6fflft * LT *Aft»3S*«T* 5 £ t 9 > M#K 
1 - 5 04r^mWc|Bft«>A«JU««r»Sr 1 

Vci = l o k1 (1) 

a*, ki =3.62-7. 17[C%]-0.43[MnM-O.64[Cr%]-1. 18 

[Mo%]-3.86[P%]-H).20[Ni%] 

Vc2= 1 0 k2 (2) 

5£<K k2 =4.01-5.96[C%]-0.33[Mn%]-O.33[Cr%]-0.66 
20 tMo%]-9.45[P%]-0.33[Ni%] 

V=3 9 0 Jeq- 1 - 35 (3) 

9 ] 8 fciB*&tf>#ifcK J: 9 g^JffiAtb 

#yit> L< i*g& • S<b^Att^3®SrfT^o^i^^, -t 
OSIIL «S^HRC4 5»±TIo3B^g*SO. 0 
4-lmm-Cfc5a«»6?S:«fflU 60m/s(Dft 

50 [000 1] 

[M0MT&ttffi#IF] S#U&A*W0ab 
b< ttg& -JM&AttAMfcJ: 0I&tt#<0?T***tfc: 

[ooo2] »*w»*-e«. #*^ia^^±^i-u 

£*b*R-Cf*ft<^ S^MAi^3®^U<liS^-g<b 
^0 j^Aix^3®^J:5ift^/i-o^®?S!atfii®^4^, R 
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10 !Wffc^»*»SWeflS©«*f4-il:i:W*oTif>«. 
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[0 0 0 4] fc£*T»***fcJfc*ft-r6Hfctt % m 
&®&<Dfa±Mffik LTtt, ffl*.tf4*H¥ 1-24 7 5 
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*"e9#«±io|R«e*7*9^ h+^/w^^^ hue 

[0 0 0 6] 
[0 0 0 7] 

C:0. 2 5% (&T> »IBLftl«!lma s 



Si :0. 1 5%£TF 
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P : 0. 0 2%£TF 

S : 0. 0 2%|UT 

Cr : 0. 7 0®, 1. 5 0%£AT 
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5-0. l%J:9ft5»^fea^S*t5**<^t>UI 
«>X****3-e\ HKteCa : 0. 00 05 — 0. 0 
70 8%*5j:Ot/t>U<«:Z r : 0. 0 0 2-0. 0 8%* 

[0008] &iz±te<omiam&i&%mm&tm&iz& 

20 #0. 04-lmm%MJtiS«S^60m/ 
[0 0 0 9] ttfejfc» 

#>) Stt«Bt<o«4>IBA*^T«B (1) , (2) 5£ 
,:J:oT ^ WE^a ^--ffiit J. q (m m ) ^-ffg 
(3) ^ftA-r^C(b^J:9*^^ix-5^ai^ffv 

Vci = l 0^ (1) 

*«K ki =3.62-7. 17[C%]-0.43[Mn%]-O.64[Cr%]-1. 18 
^0 [Mo%]-3.86[P%]-O.20[Ni%] 
Vc2= 1 0 k2 (2) 

5£1\ k 2 =4.01-5.96[C%]-0.33[Mn%]-O.33[Cr%]-0.66 
[Ho%]-9. 45[P%]-0. 33[NiK] 

V=3 9 0 (3) 

[0010] ±H,(D*mc£ 9 g^Atl^lt)' 

i-. S«SHRC4 5WTloe^0. 04-1 
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[0 0 16] C : 0. 1-0. 2 5% 

K*\ »IMtt*»IBIKtttdJ«TbTaoXtt 

V 0. 12 — 0. 2 5%<D(85B-C*>*. 

[0 0 1 7] Mn : 1. 2%j@ x 2. 0 %3^T 

• «b) «*>««*— ;*^-jvf h*Jltt:£*ef)4Bfc* 

Mncoj:D»*b^*«rft«i. 4-1. 
30 [00 1 8] Cr : 0. 7%«. 1. 5 %»T 

»**^fc:»#£iir5f::i*0. 7%£rj@;iT^r£it- 
SC^MStfci^ 1. 5%£r«;t££Crfc6^ 

l. 0-1. 3%ottB-c*>*. 
[00 1 9j A 1 : 0. 015 — 0. 06% 

a i nsmvmmt tt«ti^tix< *7*mv*> 

fcttO. 0 1 5%tt±*WS**»*W*tt6 
-tO»*f40. 0 6%ifi^U 

*lcHKV«r&f3?"9tKic«5o-e. 0. 0 6%^r±K^ 

[0020] N: 0. 0 05 — 0. 0 3 0% 
Ntt**-CA1 V V f Ti, Nb^^Ul^ 

50 *O»*tt0. 005%a±^f*«Cii:ioTt 
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aanw*»t ft Jtn«* t ft v \ 

[002 1] Si :0. 1 5%£*T 

. 6fc*fc»««tttfct>WIJ#«rafcff-r-. Sot: 5 L 
fc»**r4<ttettW*mo. l5%KTfc»*. 
ftrmtfft£>1\ «N£B ^^«lf«»«rttds*«>e> 

ttli0.0 2-0. 1 0%£>jfcB-?£>5 e 
[0 0 2 2] P : 0. 0 2%J£AT 

RttO. 0 2%t3&ac>fc o poj: 9ff*Uv**#*tt 
0. 0 15%ETF> JEfc#*.U<ttO. 0 10%£JlT-e 

[0 0 2 3] S : 0. 0 2%$kT 
SftMnS*r**L«B!lttOrt)±lc*#-rsdS x 

*#ttoffi»#j&5^ ft ^ofcftliiistfifc 
0. 0 2%^Tlc#H^ftJttt«?ftbfti\ S(DJ:!)^ 
LV***ftttO. 0 17%OT, XK:&£L<tt0. 0 
1 5%£JLTTfe5o * 

[0 0 24] £fc*Bfl-Cttffir&Mttl£tt* ±Eo* 
S5c»lc*D^TTIBO|Rft5c*$:aSr&^r*Ufe, 

[0 0 2 5] Mo : 0. 0 8—0. 6 %*3 «£t*/£fc|* 
N i : 0. 2—3. 7 5% 

»»fl:UTliim»ttoi$j±ic#*i--5. r 5 

tt, Mo : 0. 0 8%£Lh, Ni : 0. 2%£JLh£r^r 
JlrttttO. 6%-rtSBiU *fcN i oSWBS6*t3. 7 

[0026] C u : 0 . 3 — 2. 0% 

2. O%-C^i-&0T*Jl*£U: 
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[002 7] V: 0. 03 — 0. 5 %> T i : 0 . 00 
5 — 0. l%WtfNb : 0. 0 0 5 — 0. l%J:!)ft 

U'«*tt«r»JBBfbLflBtt (Btafett) £>fp)±fc*# 

Btt^T-C<«o-c 1 **±B«aTI!:»*.ftrtixffft 
70 feftif\ 

[0 02 8) Ca :0. 0 00 5-0. 0 8%*Sj;tf/ 
iKltZr : 0. 002 — 0. 08% 
Catt, WK^*ft»*l6ttft^aE»-C&^i&^, 
ZrliMnS *r*Rfl:Slt\ ^rttfcttfiflttOfaJite* 
*-*-*IS*\ H5£*ttMn S<D#*t'fbl3:«fcS*36rttO 

*0. 0 

20 [0 0 2 9] *»I^JC«e»ittttM^^ajS^«aia 
oW*fclP*.-C. SJK OfefcttSJK-ftft) ttA*t«9 

*«A*^^*fti-^*^*#ftW»^*rb-cu^o 

[0 0 30] ^glidW;WT h <!: ^<*f ^ h ±#<D 

30 9 5 %£A± X T/Wf yf>f h ffift***: 9 0 %£TFx 

*SnN*— h«Att«:»«Wbi-5^)i:ra»<D» 
KfcS^fca^HBirft*. ^U:M(i, JiBBtti 

L^t > *a<o&jR&»^ro»fta-&«aa^i-5 

Hv 2 5 0H±©WWj?«B«iim, 

[0 03 1] Ufc*ttoaW4»ttfi)±a**«i»|j: 
50 %HT, ?Wf7^7>f h<:5%fljLSBtt*-C£A$« 
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h+-<-r^ h) ifi#9 5%m ^^-r^^ h 

10 0 3 2] N % m«l*®i5,lc*5lt^S:|EB;o&JR3ft» 
«B«teJ:oT«fc>oT<-5as, ±IBO^ft«gp^^ 

[oo3 3] gat mo*—*'?-* 

«)»«ifl:ffffl4rffloT<ll«-f ICN, Al, Nb, Ti. 

§&-gjb) «W*rftftif\ *>6v>tt»|«UDX(0«l::a 20 
m (*fc(48U)t- Wb) &SSrfrftofc»g\ SM (* 
fcM«# • £<b) Bs):*--*^-*-^ hINMfctt&fcfcft 

IMitt*>fi*f biz: J: saW*tt<o(STS:lfflJhi-5 liifi. 
#*8£JUh ( J I S G 0 5 5 1 <D^S«^«»fe^ 

[0034] mm (^t^mm-mit) s<ommt>^ 

0. 0 5mm(Of^feg^T^Mt-^ft^ hf^ 30 
10-5 0% 

fc„ bj*>sk • aft) a*<oaf^-^T 

lt?(Dait-xfN hg&l 0%^±l-i-*UfJ:^ 

38»£ftft<ftS(DT\ ait-^ft-Y hS: 
6 0. 0 5mmSrS»WSLfcS, Xtt§l*rl£ J: •)» 
fl5 0%KTI^»^ftlttttfftfefti\ BESS*- 

hao£ D#3LV>©Btt2 0 — 4 0%<D©H J0 
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[0035] ±roir £*x9i \z&zMM$mm#& 

fir*. Mtt^J*jMUft2:««B4aJ:tFSN 

g<b) S<o^|ia^ea«^S:^3ei-5ri:^J;o 

roD#ft«r^Sr<iBx:^M^f TIE 

^«ft*ft*«^l-5 c -fc iao t**k:»6 r t dt-c 

[003 6] fiP*>, ±«B^^«a*<DS«=Sr»JE^^fl*» 
J: 5 ftStttttt&i;iSft#Lat> U< ■ S<b#M£ 

fb«An^«o«*8Ba<D«;ffl»fiicffia-r-6ass: 

^$>a ffi«J»<i (mm) £3fctf>5 iDflf 

SSVci CC/fM 'k-e/i^^-f hBBWM*9 0%i: 

AfrhMK (1) , (2) ^laotto, KtE^s$ 
--ttiJ.q (mm) fctHC (3) *»Eft A"T 5 - * 

ci CC/t» <hVc2 CC/») o«BM2:ft6«ft»£P 

[0 0 3 7] BPt>, I&SfSO^/^Vf-V bWm&*9 0 

4^fc«)fctta« (*fcna« • £<b) i^Ati^ir 

K (^fc^s^ . »o *Daao«Aix«Fiwi3tts 9 0 
0-3 0 0t:oM^«:9J<D5F*&?ftaiafiv CC/») 

^irft^o 
[0 0 3 8] ^5"C, -«IC«HS# 

UTTO«ft*»^OR*d«fTft*>ixS«5. 
t^^lc»Aix«rtirfcsaart»o?fta^^^JHi- 

.6cfc«**-cftv\ *zx\ %mm&i$&<D!&fttm. 

SJK (t> b< ■ »fls) AAo«»o«SlXft«rm 
Dffl*rr t«t-C*ftV^t*^ *0«lc«oT5F3fC«r 
■»«>^*S*. ±EBSJHftaiaKVci*5J:tfVciS:. #W 

Vci <V^Vc2 

Vci = 1 0 kl (l) 

ki =3.62-7. 17tC%]-0.43[HnX]-0.64[Cr%]-1. 18 
OUO-3. B6[P%]-0. 20[Ni%] 
Vc2= 1 0 kl (2) 
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5£<K k2 =4.01-5.96[C%]-O.33[Mn%]-0.33[Cr%]-O.66 
[Mo%]-9.45[P%]-0.33[Ni%] 

V=3 9 0 Jeq- 1 - 35 (3) 

[0 0 3 9] £*T> »S»»*VOWffl«fe|j:o^TttWr 

z> 9 n&&mz&ft&mmmm<o&mmt±, tarmac 

(He) fcSHfcu ^a^=-«IAttftj»^*3^ 
T> ®^^Hcl^at6^3^-ttlJ„ (mm) 

0 0-3 0 0lCIBI^ft6W»aa*VOB«.*:ai^ 

utrie*; (3) -c»rr5«fc rv=3 9oj. q 

^fcttS^&felofc, fi|3*> rv=3 9 0 J.,-' " j 
ft fc*5t* 5900 — 300 ^O^O^JftSl^S OC 
[0 04 0] BP%, ^9^=-J«Att»»Sr»SUfc« 

«W<0<b*ttrtd»e>*«>feix-5k 1, k2 5:7nl^ strie 

5£ (i) , (2) -e**ut«fci o ki , io k 2^ff^ 

4t) #m&<D 9 0 0 — 30 0°C(DU^u(Dl^UW-^^$nM 

[004 i]« % UK OfefcflSK • Ste) Slcfctt* 

[0 0 4 2] (**:»«« -Kfls) M\z»» 

?>ii^f)0. 0 5mm<£>8S£&11<D^S:*--- 
KS^ ±|2(0«/^Att*#(DTTHgjE^l 0-5 0 

foZ>-&&%m (Mn, Cr, Ni, Mo) ^co^WSSr 
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[0 0 4 3] 3E«r**«fci3V^Ttt, -hfe^SK (**: 

OON/rnm 2 £*±<DffifiS85e&*J (XlftlaWflCt 0 » 

SW-ft**0. 04-lmm-CloHRC4 5^± 
OiSUWftft^Sr^ffl U 6 0 m/ s £A±tf)S*fS£-e 1 
10 ®&>±<D*sa v V ¥-~>trmm%M-tZ klZX^Xft 

[0 0 4 4] *,ttfr\Zisa y h&Og! £**HRC 4 5* 
fflk *HHK#0. 0 4mm*a$>5^«jeft^S^6 0 

i>K *Stt**D*"-t-5t-t*tfeO»*Ulf^±l8ttHRC 
6 5eS^il5l5 0m/slfCi>5 9 

tt, ^3S/htWt^0. 3 — 1. OmmlllCt 

5, 

[oo4 5] £ w xmm z tiz mm 
^k • »b) *; m#m$t dztcnmm . »o & ^ 

[004 6] 

[ww wzmmw&mfx*&m<on&*$±xfifrm 

[0 0 4 7] J&ffefcl 

^o ^1,2 (d^i-i - 3 7 (Dik^msz^-tzmtt* 1 5 
o k g (DM^mmfpxmm i,mm u^^es 3 ommic 

IRKI®iSb. g«bM (125 ot:x iB$ra->£») 
^ctt/«E#^e>L^31 (SSOtxidf^ft) ^rfr 
teofc&s WiWttox.izX'Dxm 3 Crfi/t^t'-I^ 

W^ffll, ^fc. *1, 2|C^(t-5No. 4 f 
6, 1 0, 2 9, 3 6ICo^T*iH^±fB^|^^LT 

mi. mmmm* mmmm. L^s^fr^o 

«S«BIXlci:oTH4lCi5ti-a»*ff3fi*«R^ 
SrffiHUfc. *^T^O«a>t*{coVN-r, ^ 3, 4^5 
10 i:^©5i^r*f*=T*S^An«:ifT^ofc^ MTO 
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